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Chemische Bindung und
Molekulare Spektroskopie
(Lehramt)

Raman-Spektroskopie



RAMAN Spectroscopy

Sir CV.Raman (1788-1970)
» Discovered the /inelastic scattering phenomenon in 1928,
» Was awarded the Nobel Prize for Physics for his work on
the scattering of light and for the discovery of the effect

named after him in 1930.

http.//nobelprize.org/nobel prizes/physics/laureates/1930/raman-lecture.pdf

Was ist Lichtstreuung?
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IR and RAMAN spectroscopies-I

Raman spectroscopy probes the vibration modes of
materials, much like infrared (IR) spectroscopy.

They both results from the same type of quantized
vibrational changes. Thus, the difference in wavelength
between the incident and scattered visible radiation
corresponds to wavelengths in the mid-infrared region.

However, whereas IR bands arise from a change in the
dipole moment, Raman bands arise from a change in
the polarizability.

In many cases, transitions that are allowed in Raman are
forbidden in IR, so these techniques are often
complementary. ;



How is Raman Different from IR?
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Raman-Change in Polarizability: Ao=0

Selection rules are therefore different and can be exclusive for centrosymmetrlc
molecules. ° °

Rule of mutual exclusion
(AusschluBregel) ° °




IR Spectrography - Absorption
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Photon scattering energy scheme

The Raman effect comprises a very small fraction,

about 1 in 107 of the incident photons.

A
Virtuelles Energieniveau
_____ T R W
)
o0 hvy | hvethv,,
)
hv,
) ¥ Egqthv,
: v v
Eo
IR Rayleigh Streuung Stokes Anti-Stokes
Absorption (elastic) \_ Streuung Streuung
AE ;, = hv,, e
v b Ps Raman
_ (inelastic)
Grundzustand: E,, Stokes Anti-Stokes
erster angeregter A A Notice: Stokes line is stronger
zustand:Ej+hv 1 ' —
Vo — Vm Vo Vo + Vi



Scattering of radiation by diatomic
molecule

X, K
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g =0ocos(2mv, - t)

E=E,cos(2nv,-t) l
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Induced dipole moment:

u=o.E =o.Eycos(2mv,.t)

For a small amplitude of vibration, the ool
OL=OL0 + q +...
q=0

polarizability a is a linear function of q: oq
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* A Change in Polarizability of the Molecules upon Interaction with the Incident Light
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Induced dipole moment:

uind =a E

Induzierte Dipolmomente

e moving with the oscillating
electric vector

Polarizability fluctuates
with time
- Oscillating Mg




Plarizability is affected by

Uil [Fxx Axy Axz E, /Z’
Ly |=[@yx  Xyy  Ayz| |Ey - X
Hz C‘(zx Xzy Qzz] |E, %
- = &
|
The polarizability tensor The polarizability ellipsoid

1- Atomic humber Z:

u oc the amount of electrons,

Electrons become less control by nuclear charge.

2- Bond Length:

u o« Bond Length

3- Atomic or Molecular Size:

u o Size,

4- Molecular orientation with respect to an electric field
Parallel or perpendicular (Exp: Parallel has more effect)

5- Bond Strength (Bond order):

u oc 1/strength of bond C=C, and C=C, C=N bonds are strong scatterers, bonds
undergo polarization.

6- Electronegativity difference:
u oc 1/ difference in electronegativity
7- Covalent bonds more polarizable than ionic bonds. 10



Example 1: the vibration modes of CO,

AusschluBregel !!!
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Example 2: the vibration modes of H,O
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No inversion center!

All the modes are both
Raman & IR Active
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Selection rules (Auswahlregel)

As a molecule rotates, the polarizability presented to the electric field changes:

» the induced dipole is modulated by rotation,
> results in rotational transitions.
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A =0,F2
AJ = 0 : Rayleigh
AJ] = +2 : stokes line
A] = —2 :Anti-stokes line
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Example: Rigid rotor

E;=BJJ+1),om™ (J=012,..)
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IR and RAMAN spectroscopies-II

Advantages

detects vibration motions for symmetric structures,

Raman is more sensitive in some cases (like rough surfaces),

useful for studying the catalyst itself (crystalline phases, low frequency
vibrations whereas IR is more useful for molecules and adsorbates,
needs a small sample voloum(laser spot)

Can be used for aquoues samples (biological applications)

Glass /quarz cell (no NaCl tablet!)

Few intense overtone/combination bands , so few spectral overlaps
Single shoe/scan between 4000-50cm-1 without setup modifications

Problems:

Laser source/ heating or decomposition of sample,
Can cause flourescenece,

Expensive appartus,

Obtaining high res RO/RO-Vib spectra is difficult .





